Description of the experimental set-up for vibrational sum-frequency generation
For the generation of the SFG, VIS and IR pulses overlap temporally and spatially at incidence angles of 54° and 60°, respectively. The mean circularized beam diameters (1/e 2 ) were 530 µm (VIS) and 260 µm (IR). The SFG photons are directed into a spectrograph (Kymera-328i-D2-SIL, Andor) with an electron multiplying charge-couple device EMCCD (Andor Newton, Du97P-BVF).
B.

Details of ellipsometry measurements
As stated in the main text, the Beaglehole Picometer ellipsometer is measuring the parameters x and y. In order to show the relation of x and y with the real and imaginary part of the reflectivity Re(r) and Im(r), the following expressions are relevant: 2 (1)
The relation of Re(r) and Im(r) to the phase shift Δ and the ratio of amplitudes tan Ψ is the following:
C. Further characterization of the used sodium polystyrene sulfonate (NaPSS) Fig. S1 shows the SFG spectra of NaPSS solutions with different concentrations of NaPSS, while Fig. S2 shows the evaluation of the fits that are displayed in Fig. S1 . In order to address the effects at low CaCl2 concentration, we want to discuss the origin of the surface activity of NaPSS without added salt. All methods applied within this study show a significant surface activity of PSS, which is often explained with the hydrophobicity of the PSS backbone. 1,2 The surface activity is also strongly dependent on the effective charge of the polyelectrolyte, which is usually significantly lower than the nominal charge because of condensation of counterions. 3, 4 Previously, the effective charge of NaPSS with a molecular weight of 77 kDa was found to be only about one third of the nominal charge in a salt-free aqueous solution, 5 while in an intermediate range of the molecular weight this ratio is roughly a quarter. 6 Another way to explain this surface activity can be the structure of the NaPSS, which is dependent on the synthesis route as has been shown by Sen et al., 7 who state that a post-sulfonation of polystyrene can result in intramolecular sulfone linkages, quite different from linear PSS chains that are preferentially formed by polymerization of sodium 4-styrenesulfonate. These sulfone linkages can result in loops and create partial hydrophobicity of the polyelectrolyte, an effect that can be reinforced by incomplete sulfonation. 8 Theodoly et al. 2 described these loops as weakly charged hydrophobic globules along the chain and showed the influence of degree of sulfonation on surface tension and layer thickness. Carillo et al. employed MD simulations and also observed a more compact structure when the fraction of charged monomers is smaller. 9 A comparision of different NaPSS batches using via FTIR measurements (see Fig. S4 ) shows that the presence of sulfone linkages. These can be associated to the symmetric stretching vibration of sulfone groups 10 that is centered around 1105 cm -1 . Since this band is present in the surface active moieties (Fig. S4) we can directly associate the latter with the surface activity of NaPSS. In contrast, NaPSS with linear chains and a high degree of sulfonation are much better soluble in water and do not exhibit any surface activity.
Figure S4: FTIR spectra of a surface active (sa) and a not surface active (nsa) batch of NaPSS.
The used salt-free NaPSS can be detected with SFG spectroscopy for concentrations higher than 2 mM (referred to the monomer). Below that, there is no evidence for characteristic molecular groups at the interface.
In order to exclude the possibility of monomers or other impurities, we took an NMR spectrum of the used NaPSS in D2O. It is shown in Figure S5 . The NMR spectrum is similar to spectra from the literature (for comparison and assignment of the peaks see e. g. Coughlin et al. 8 ) and shows broad peaks that are typical for polyelectrolytes at positions that are typical for polystyrene sulfonate. If any monomers or other small molecules were present, sharp peaks would appear in the spectrum. In order to exclude the possibility of impurities at the surface, we measured SFG spectra of 40 mM NaPSS solutions and applied a cleaning procedure. This means that we take aliquots of the liquid from the surface with a thin needle to remove possible impurities from the interface. Afterwards the sample is equilibrated and the procedure is repeated. By doing this, any impurities that would tend to adsorb at the solution surface are being removed. A schematic description and the resulting SFG spectra can be seen below in Figure S7 . Since we see no changes in the SFG spectra, we can follow that all C-H vibrational bands arise from the used polyelectrolyte. Since there are no hints for the presence of monomers (confirmed by NMR measurements, Figure S5 ) or any other impurities (confirmed by cleaning of the surface, Figure S6 ), we conclude an inherent hydrophobicity of the polymer as discussed above.
